A series of 2-aryl-4-(3,4,5-trimethoxybenzoyl)-1,2,3-triazols were designed as analogs of substituted methoxybenzoyl-aryl-thiazole (SMART) under the consideration of geometric features. The target compounds were synthesized via concise and efficient processes including microwave-assisted cyclization, and were evaluated for their antiproliferative activity against three human cancer cell lines.
Introduction
Microtubules, a vital part of the cytoskeleton, play a crucial role in mitosis.
1 Disturbing microtubule arrangement and rearrangement, a dynamic equilibrium process, has been proved to be useful in the development of anticancer therapeutics.
2
Microtubule targeted agents can be classied into two major types: (1) microtubule-stabilizing agents, including taxanes and epothilones that stimulate tubulin polymerization; (2) microtubule-destabilizing agents, including vinca alkaloids and colchicine (1, Fig. 1 ) that inhibit tubulin polymerization. 3 Given the success of the taxanes and vinca alkaloids, 4 which have established tubulin as a valid target in cancer therapy, research efforts have been focusing on the development of targeted agents to the colchicine site of microtubules, known as colchicine binding site inhibitors (CBSIs). 5 During the past decades, a large number of CBSIs have been reported, 6 such as combretastatin A-4 (CA-4 2, Fig. 1 ), 4-substituted methoxybenzoyl-aryl-thiazole (SMART 3, Fig. 1 ) and 2-aryl-4-benzoyl-imidazole (ABI 4, Fig. 1 ).
7-9 SMART, a basic three ring (A, B and C) scaffold based on the ring geometry, demonstrates potent antiproliferative activity. Moreover, a range of further structural diversication molecules derived from the three rings has been developed to affect tubulin polymerization. 10 In our previous study, a set of SMART analogs (5, Fig. 1 ) with the oxadiazole moiety as B-ring were reported to exhibit promising antiproliferative activities. 11 1,2,3-Triazole has gained enormous interest due to their broad spectrum of pharmaceutical and therapeutic applications. 12, 13 Furthermore, this heterocycle has a high dipole moment and is capable for hydrogen bonding, which could be favorable in the binding to biomolecular targets.
14 A 1,2,3- triazol-based CA-4 analog (6, Fig. 1 ) was found to display potent antiproliferative and antitubulin activities.
15
In this study, we envisaged an optimization effort around the bioisosteric B ring of SMART by replacing the thiazole ring with triazole. We hypothesized that the degree of the angle between the geometric centers of A, B and C rings (:ABC) is important for the activity of SMART and its derivatives (Fig. 2) . Thus, to investigate the similarity between the designed compounds and SMART, density functional theory (DFT) calculation was applied in our case for the molecule design. [16] [17] [18] Calculational results showed the similar values of :ABC for (Z)-9a and SMART, which were 109. 50 and 108.11 , respectively. Therefore, a series of 2-aryl-4-(3,4,5-trimethoxybenzoyl)-1,2,3-triazole derivatives (7) (8) (9) were designed and the effects of substitutions on the C5 position of the triazole ring and changing the carbonyl linker into oxime were evaluated.
Results and discussion

Chemistry
The synthetic routes for 2-aryl-4-(3,4,5-trimethoxybenzoyl)-1,2,3-triazol derivatives (7) (8) (9) are outlined in Scheme 1. The starting material methyl 3,4,5-trimethoxybenzoate (10) was converted into the 3-oxo-3-(3,4,5-trimethoxyphenyl)propanenitrile (11) by using sodium hydride and acetonitrile in THF. 19 Coupling the diazonium salt of different aromatic amines (12a-j) with compound 11 afforded the corresponding hydrazone derivatives 13a-j. 20 Under conventional heating conduction, the reaction of 13a with hydroxylamine hydrochloride in the presence of sodium acetate to generate 7a suffered from long reaction time and low yields (entries 1-5). 21 As a useful tool in organic synthesis, microwave irradiation could generally accelerate the reaction rate and improve the product's yield. [22] [23] [24] When microwave irradiation was incorporated into synthesis of 7a, we found that the reaction rate was greatly improved. We systematically screened the inuence of reaction temperature and time on the yield of 7a under microwave conditions. As shown in Table 1 , the optimized condition was conrmed to be microwave irradiation at 160 C for 7 min (entry 9). Accordingly, all of the cyclized products 7a-j were obtained smoothly with good to excellent yields 81-93%. Subsequently, the amino group was removed using isoamyl nitrite in anhydrous THF under reux conditions to yield the corresponding compounds 8a-j, 25 which were then converted into oxime isomers (9a-j) under excess amount of hydroxylamine hydrochloride and sodium acetate by reuxing in anhydrous ethanol for 2 h. It is worth to note that there are two congurations for compounds 9a-9j (Z and E) and the isomer mixtures were evaluated without separation in our study due to the Z/E tautomerism even at room temperature. Generally, the ratio of two isomers were obtained by HPLC analysis. In addition, DFT calculation of 9a showed that Z-isomer should be the predominant one in the mixture (Fig. 3) .
Biological evaluation
In vitro antiproliferative activity. The synthesized compounds (7-9) were investigated for their ability to inhibit cancer cells proliferation by the MTT method using three human carcinoma cell lines (gastric adenocarcinoma SGC-7901 cells, lung adenocarcinoma A549 cells and brosarcoma HT-1080 cells). The results were compared with SMART (3) and ABI (4) as the positive controls ( Table 2 ). Of the enlisted compounds, almost all of the target compounds displayed moderate antiproliferative activity against different cancer cells with IC 50 values in the micromolar to sub-micromolar range, which indicated the potential of the triazole ring. Among them, (Z)-9a showed the best antiproliferative activity against the SGC-7901 cell lines with IC 50 value of 0.12 AE 0.02 mM, which was less cytotoxic than SMART (IC 50 ¼ 0.019 AE 0.008 mM) but higher cytotoxic than ABI (IC 50 ¼ 0.81 AE 0.08 mM). Compounds 7a-j possessing an amino group at the C5 position of B ring were found to be more potent for A549 and HT-1080 cell lines, compared with the corresponding C5 unsubstituted compounds 8a-j. Interestingly, the oxime linkage compounds 9a-j were slightly better than carbonyl linkage compounds 8a-j, which was in accorded with the calculational result that value of :ABC in 9a was closer to SMART than that of 7a and 8a. Furthermore, substitutions on C ring of the tested compounds (7h-j, 8h-j, 9h-j) exhibited an order of potency being para-> meta-> ortho-substituted in generally, and the types of substituted groups had no signicant inuence on antiproliferative activity.
In order to elucidate selectivity of compounds to cancer cell lines and non-cancer cell lines, we further investigated the effect of three compounds with high antiproliferative activity (7a, 7j, (Z)-9a) toward normal broblasts L929 cells. Results are presented in Table 3 . The selectivity indexes SI A (for SGC-7901 cell line), SI B (for A549 cell line) and SI C (for HT-1080 cell line) were calculated. The higher selectivity index means higher therapeutic safety margin. (Z)-9a showed apparent selectivity to three cancer cell lines and normal broblasts L929 cells. Surprisingly, both 7a and 7j displayed very slight effect on L929 cells, which mean these compounds have a higher selectivity than (Z)-9a.
Tubulin polymerization. With the goal of investigating the functionary mechanism on (Z)-9a, the effects of (Z)-9a on the tubulin polymerization were assessed in vitro. CA-4 (2), one of well-known CBSIs, and Taxol were applied as the positive and negative controls, respectively. (Z)-9a caused a concentration-dependent inhibition of tubulin assembling (Fig. 4) . The inhibitory activity of (Z)-9a (IC 50 ¼ 5.02 mM) towards tubulin polymerization was slightly weaker than the positive control CA-4 (2). The tubulin data suggested that (Z)-9a exerted similar inuence on microtubule depolymerization as CA-4.
Immunouorescence studies. To investigate the antiproliferative effect of (Z)-9a was derived from interactions with tubulins, SGC-7901 cancer cells were treated with (Z)-9a at 0.12 mM for 24 h and the cellular microtubule structures were visualized by indirect immunouorescence using an anti-a-tubulin monoclonal antibody. Date in Fig. 5 indicated that compound (Z)-9a inhibited microtubule assembly and disrupted cytoskeleton similarly to CA-4 (2).
Cell cycle analysis. The cell growth inhibitory potency of the tested compounds prompted us to evaluate their effects on the cell mitosis. For cell cycle progression analysis, the effect of the (Z)-9a at various concentrations on cell cycle progression was investigated in SGC-7901 cells via ow cytometry. As shown in Molecular modeling study. To investigate the possible binding of target compounds to the colchicine site of tubulin, the Z-isomer of compound 9a, as a predominant one in the mixture, was investigated by using CDOCKER program in Discovery Studio 3.0 soware. 27 The docking obtained that the pose of (Z)-9a was tightly embedded into the interface of a/ b tubulin subunits (Fig. 7) . In the binding model, the binding orientations of (Z)-9a adopted a twisted geometry, which may be the key for its bioactivity. The two oxygen atoms of the 3,4,5-trimethoxy of (Z)-9a contributed to the hydrogen bonding interactions (O/HeN: 2.44Å) with the sulydryl group of b-CYS 241, which were consistent with other colchicine site agents reported by Massarotti et al. 28 The docking study was a benecial complement and explanation to the above tubulin polymerization and immunouorescence studies. 
Experimental section
Chemistry
All reagents were commercially available and were used without further purication. The silica gel plate (HSGF-254) and silica gel (H, 200-300 mesh) from Yantai Jiangyou silicone Development Co., Ltd. was used for preparative TLC and column chromatography, respectively. Visualization was made with UV light (254 nm and 365 nm). Melting points were tested with Micro-Melting point apparatus (X-4, Shanghai jing science instrument Co., Ltd.) and were uncorrected. Mass spectra (MS) were obtained from Agilent Co. Ltd. on an Agilent 1100-sl mass spectrometer with an electrospray ionization source. General synthetic procedures for 3-oxo-3-(3,4,5-trimethoxyphenyl)propanenitrile (11) Mixed methyl 3,4,5-trimethoxybenzoate (5.34 g, 23.6 mmol) with NaH (47.2 mmol, 1.62 g) in boiling tetrahydrofuran (20 mL) and then followed by dropwise addition of solution of acetonitrile (23.6 mmol, 0.98 g, 1.4 mL) in tetrahydrofuran (1 mL). Aer reuxing for 3 h the reaction was entirely nished (TLC control). Then the mixture was cooled to room temperature and diluted by water. The precipitated sodium salt was ltered and washed with diethylether. Aer the evaporation of the solvent, HCl (1 mol L À1 ) was added to acidize the compound to pH 2 and the solid was obtained, giving pale yellow solid, yield 84%. The crude 11 was utilized directly for the upcoming step without any extra purication.
General synthetic procedures for 3-oxo-3-(3,4,5-trimethoxyphenyl)-2-(phenylhydrazono) propanenitrile (13a-j)
To a solution of the arylamine was added hydrochloric acid (5.8 mmol in 4 mL, 6 M HCl) at 0 C, a solution of sodium nitrite (6.4 mmol, 0.44 g dissolved in 2 mL water) was added dropwise over a period of 20 min, and stirring at 0 C for 30 min to form the corresponding aryldiazonium salt (12a-j). Then the resulting solution of aryldiazonium salt was dropwise added to a solution of 3-oxo-3-(3,4,5-trimethoxyphenyl)propanenitrile (1.5 g, 6.4 mmol) in ethanol mixture (10 mL) involving sodium acetate trihydrate (0.95 g, 11.6 mmol) at 0 C. Then the mixture was stirred at room temperature for 1 h and the resulting solid was collected by ltration, washed with water and ethanol. The crude 13a-j was utilized directly for the upcoming step without any extra purication.
General synthetic procedures for 5-amino-2-aryl-4-(3,4,5-trimethoxybenzoyl)-1,2,3-triazol (7a-j)
Independent mixtures of 13a-j (1 mmol) containing hydroxylamine hydrochloride (0.35 g, 5 mmol) and anhydrous sodium acetate (0.41 g, 5 mmol) in DMF (5 mL) were stirred at irradiated in a microwave reactor for 7 min at 160 C. The reaction mixtures were cooled to room temperature and poured into ice cold water. The formed solids were collected by ltration, washed with water. The residual crude product was puried by column chromatography on silica gel (200-300 mesh) with petroleum ether/AcOEt (v/v ¼ 3 : 1). General synthetic procedures for 2-aryl-4-(3,4,5-
To a solution of compound 7a-j (1 mmol) in anhydrous THF (5 mL) was added isopropyl nitrite (2 mmol). The original material was completely depleted aer one hour reuxing. Aer the evaporation of the solvent, the residue was puried by column chromatography on silica gel (200-300 mesh) with petroleum ether/AcOEt (v/v ¼ 3 : 1) or pure CH 2 Cl 2 . 
